The influence of point-by-point exposure of lithium niobate sample surface, doped with photorefractive impurities, to the longitudinal modulation of refractive index inside the formed waveguide channel is experimentally studied using optical probing method. 
Introduction
The elements of laser light localization and light fluxes controllers like phase diffraction gratings and waveguide optical switches based on photorefractive materials are essential part of integrated optical circuits, devices and equipment of photonics [1] [2] [3] .
One of the ways to form similar photonic elements in photorefractive crystals is optical inducing, which allows to set and manage different topologies during the formation of such structures [4, 5] . The photorefractive sensitivity of lithium niobate (LiNbO 3 ), lithium tantalate (LiTaO 3 ), strontium-barium niobate (Sr Ba 1− Nb 2 O 6 ) and some other crystals can be changed by several orders of magnitude, varying the concentration of impurities introduced when samples are doped through the surface or during the growth of crystals [6, 7] .
The concentration raise of impurities introduced into the crystal during its growing is limited by decreasing of bulk sample mechanical properties due to the increase RFYS of defect numbers and appearance of elastic stresses. Modern technologies of the sold-state diffusion, the ion exchange and the ion implantation allow significantly increase the impurity concentration within material surface layers, additionally making it possible to introduce various impurities (or their combinations) into different regions of the sample surface [6 -8] . Thus, the approach of surface doping makes possible varying the physical properties of material surface layer within its different areas over a wide range.
The main aim of this work is experimental studies of different channel waveguides including those with longitudinal modulation of their parameters, optically induced in lithium niobate sample with Cu-doped surface layer.
Experimental setup and conditions
Channel optical waveguides are induced within surface layer of photorefractive sample at its exposure with focused laser beam using the shift of the whole sample with respect to the light spot as it is shown in It makes possible the long-time storage of photorefractive elements in this material.
It is known that photovoltaic mechanism of charge transport results in the decreasing of both, extraordinary and ordinary refractive indices under light influence [5, 6] .
Due to that the light trapping at LiNbO 3 illumination can be observed in between with cylindrical lens to decrease the optical power loss and to increase the diffraction efficiency.
Experimental results and discussions
Some particular results of optical probing of induced waveguide structures along direction normal to the sample surface are shown in Figure 4 and : Light images at optical probing of optically uniform part of the sample (a), the exposed stripe (b) and the area between exposed stripes (c).
As it has been noted we form the waveguide channel structures oriented parallel to the crystal optical axis in lithium niobate using the point-by-point photorefractive exposure processing at the first time to our knowledge. Formation of similar structures with uniform light stripes oriented along direction of charge carrier transport is forbidden for lithium niobate [6] . It is because the electric space charges appear in this case only at the boundaries of illuminated region normal to the optical axis The spatial periodic modulation of channel waveguide parameters results in the different shapes of diffraction images in far field. It is illustrated by images in Figure   7 which correspond to the diffraction of elliptically shaped light beam ( =633nm) on channel waveguide structures with non-uniform (a) and almost uniform (b) refractive index change along the waveguide direction normal to the crystal optical axis.
Picture in Figure 7 a shows intensity profile of diffraction pattern in far field along direction of exposed stripe. It illustrates the periodic refractive index change inside the material in direction along the exposed strip (the distance between the centers of 
Conclusion
In conclusion, the possible formation of optically reconfigurable channel waveguides within lithium niobate samples with surface layers doped with photorefractive impurities is experimentally demonstrated in this work. Waveguide configuration is not limited by simple straight elements, the waveguide channels may be longitudinally modulated with their parameters or curvature. Besides, point-by-point exposure allows formation of waveguide channel structures oriented along forbidden directions. Such optically controlled and reconfigured elements are perspective components of modern photonic devices.
